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(57) ABSTRACT

A position detecting device using a reflection type photosen-
sor, comprising a reflector fitted to a moving target and having
reflecting portions and non-reflecting portions arranged alter-
nately in a moving direction of the moving target, a reflection
type photosensor having a light emitting element and a light
receiving element with plural light receiving portions, and an
operation unit for calculating a value indicating the position
of the moving target. The light receiving element comprises
the first and second light receiving portions outputting signals
having different phases, the second light receiving portion is
divided into two regions provided at far and near sides from
the light emitting element about the first light receiving por-
tion, and the operation unit calculates the value using the one
signal calculated from the output signals from the two regions
and the output signal from the first light receiving portion.

4 Claims, 5 Drawing Sheets
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1
POSITION DETECTING DEVICE USING
REFLECTION TYPE PHOTOSENSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of Japa-
nese Patent Application No. 2013-049066 filed 12 Mar. 2013,
the disclosure of which is incorporated by reference herein in
its entirety.

BACKGROUND

1. Field

The presently disclosed embodiment relates to a position
detecting device using a reflection type photosensor, and par-
ticularly to a device for detecting a position and a moving
distance of a moving target in an apparatus such as a camera.

2. Brief Description of Related Developments

Various actuators have been used for driving a lens, for
example, in a digital still camera, a camcorder, a monitoring
camera and the like, and in order to conduct sensing of a
position of such a movable lens, etc., a position detecting
device is used.

For example, there are, as a device for detecting a position
and a moving distance of a focus lens, a device of a type using
apulse generator like a stepping motor system and a device of
a type using a photosensor or a magnetic sensor for analogi-
cally detecting a moving distance in a piezo motor system.
Examples of the former type are described in JP 04-9712 A,
and examples of the latter type are described in JP 05-45179
A, JP 2002-357762 A, JP 2006-173306 A, JP 2009-38321 A.

The above-mentioned stepping motor system undergoes
rotation for each of rotation angles corresponding to the num-
ber of counted pulses generated, and this stepping motor
system is usually used for applications requiring long dis-
tance position detection. However, since a motor is not
rotated continuously, noise during the rotation is large, which
leads to generation of an acoustic noise when taking a moving
picture image, and moreover, there is a defect such as a
delayed response.

For that reason, in a digital still camera, etc., piezo motor
systems which are suitable for preventing generation of an
acoustic noise when taking a moving picture image, increas-
ing a speed of autofocus and down-sizing of an apparatus are
used increasingly instead of the stepping motor system.

FIGS. 4A and 4B show a position detecting device with a
reflection type photosensor which can be used for position
detection using a piezo motor system. As shown in FIG. 4A,
a reflection type photosensor 1 is configured such that a light
emitting element 3 is disposed on one concave portion parti-
tioned with a light-shielding wall 2 and a light receiving
element 4 is disposed on another concave portion. Also, as
shown in FIG. 4B, a reflector 5 is provided at the side of a
light-emitting/light-receiving surface S; ofthe photosensor 1
s0 as to be in parallel with the light-emitting/light-receiving
surface S; and move in a direction where the light emitting
element 3 and the light receiving element 4 are arranged in a
line. According to the configuration as mentioned above, light
from the light emitting element 3 is reflected on the reflector
5 and is inputted into the light receiving element 4, and the
position and the moving distance of the reflector 5 (a moving
target to which the reflector is attached) are detected by the
amount of received light.

In the position detection using such a reflection type pho-
tosensor, an example of a technique for improving perfor-
mance of position detection and moving distance detection is
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described in JP 2006-173306 A, and an example of improve-
ment in linearity of an output signal is described in JP 2009-
38321 A.

Meanwhile, in a digital still camera of high-power or high-
end models, a single lens reflex camera, a camcorder, a moni-
toring camera and the like, for lens position detection of a
camera module in which zoom function and long distance
detection are necessary, there is a case where long distance
detection of not less than 10 mm with high resolution of not
more than 5 um is required, and actually such detection has
been difficult in conventional position sensing using a reflec-
tion type photosensor.

On the other hand, magnetic sensors are used in position
detection of a piezo motor type being designed to prevent an
acoustic noise when taking a moving picture image, to
achieve high speed autofocus and to down-size an apparatus
using a position detecting device. An example of such a
magnetic sensor is shown in JP 2006-292396 A. In this mag-
netic sensor of JP 2006-292396 A, a magnetic field generating
member (magnet), in which S-poles and N-poles are arranged
alternately, and two magnetic field detecting elements (MR
element or hall element) are provided, and the position detec-
tion is carried out by amplifying outputs of the magnetic field
detecting elements and conducting arithmetic processing
thereof.

However, in the use of the above-mentioned magnetic sen-
sor, there are the following problems.

1) A system itself becomes a large size.

2) A system cost becomes high since a magnetic field gener-
ating member, in which many S-poles and N-poles are
arranged, is used.

3) It is difficult to improve linearity of a signal due to a
configuration for detecting strength of a magnetic field.

4) In the case where another magnet is used in a device
provided with a magnetic sensor or the like, there is a possi-
bility of causing malfunction of the device due to an influence
of interaction between the magnetic fields and the like.

5) Since outputs from the two magnetic field detecting ele-
ments are low, they need to be amplified using an operational
amplifier, which leads to high cost of components constitut-
ing the system.

6) An error of a magnetic force in magnetizing of S-poles and
N-poles of a magnetic field generating member easily occurs,
an intensity of a magnetic field is hardly kept constant, and
performance is deteriorated due to oxidation of a magnet.

In order to solve the problems mentioned above, the appli-
cant of the instant application proposed a position detecting
device using a reflection type photosensor (JP 2013-36972
A). The position detecting device using a reflection type
photosensor proposed by the applicant of the instant applica-
tion is shown in FIG. 5. The reflection type photosensor 1 is
configured such that a light emitting element (LED) 3 is
disposed on one concave portion 6a and a light receiving
element (phototransistor) 4 is disposed on another concave
portion 65 and the both portions are separated by an outer
peripheral wall and a light-shielding wall 2. A reflector 5 is
arranged at the side of a light-emitting/light-receiving surface
of the reflection type photosensor 1 so as to move in a direc-
tion (a direction shown by an arrow) being parallel to the
light-emitting/light-receiving surface and being approxi-
mately vertical to an arranging direction (longitudinal direc-
tion in the figure) of the light emitting element 3 and the light
receiving element 4. This reflector 5 is mounted on a moving
target such as a lens so as to move together with it. On the
reflector 5, reflecting portions “sa” and non-reflecting por-
tions “sb” in the form of extra fine stripes are formed and
arranged alternately (in the form of vertical stripes).
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As shown in FIG. 5, three light receiving portions 4a, 4b
and 4c¢, into which respective receiving regions are divided to
be different light receiving regions in the moving direction of
the moving target, are formed on the light receiving element
4 of the reflection type photosensor 1. Regarding three output
signals (referred to as A, B and C, respectively) from these
three light receiving portions, sizes and arrangement of the
reflection type photosensor 1, the light receiving element 4
and the reflector 5 are adjusted so that the signal (output B)
phase-shifting forward at 90 degrees to the reference signal
(output A) and the signal (output C) further phase-shifting
forward at 90 degrees can be obtained.

These outputs from the light receiving portions are inputted
to the buffer amplifiers 7a, 75 and 7¢, respectively, and then
are inputted to an operation means (MPU) 8 where a neutral
potential of these outputs is calculated from the output A and
the output C, between which there is a phase difference of 180
degrees, and calculation of linear values are carried out to
obtain the values having linearity. In the operation means 8, a
neutral potential D=(A+C)/2 is calculated from the output A
and the output C, between which there is a phase difference of
180 degrees, and (A-B)/(A+B) (=b) and (A+B)/(A-B) (=a)
are calculated from the output A and the output B, between
which there is a phase difference of 90 degrees.

According to this calculation of linear values, as shown in
FIG. 6, by the calculation of the neutral potential D, the
neutral potential of the outputs A and B is always setat 0V,
and therefore, the calculation result shows repeated triangular
waveforms having high linearity. In FIG. 6, the outputs A and
B converted into the values within a range of from -1 to +1 are
shown. The results of the calculations are those obtained
using the converted values. In the triangular waveforms of
FIG. 6, portions falling to the right are obtained by the above-
mentioned equation (A+B)/(A-B) (=a), and portions rising to
the right are obtained by the above-mentioned equation
(A-B)/(A+B) (=b).

In another example of calculation of linear values, a mov-
ing distance can be detected by calculating arctan (A/B) to
obtain a phase angle 6 of the signal. FIGS. 7A and 7B show
the configuration such that a moving distance of a movable
target can be detected by determining arctan (A/B) by
enabling one cycle of the output signal of the reflection type
photosensor to be obtained when the movable target moves
the sum of the width of the reflecting portion and the width of
the non-reflecting portion of the reflector 5 comprising the
reflecting portions “sa” and the non-reflecting portions “sb”.

Meanwhile, in the position detecting device using a reflec-
tion type photosensor proposed by the applicant of the instant
application, in order to obtain signals having a phase differ-
ence of 90 degrees for the calculation of arctan (A/B), the
light receiving portions need to be arranged, as shown in FIG.
8, so that there are a portion where the light receiving portions
4a and 4b are overlapping and a portion where the light
receiving portions 45 and 4c¢ are overlapping when viewing
from the light emitting element 3 side. FIG. 9 is a cross-
sectional view of the overlapping portion cut in a longitudinal
direction in FIG. 8. In the case where there are overlapping
portions, as shown in FIG. 9, the travelling distance (shown
by a full line with an arrow head) of light reaching the light
receiving portion 4a or 4c¢ after emitted from the light emit-
ting element 3 and reflected on the reflector is not the same as
the travelling distance (shown by a dotted line with an arrow
head) of light reaching the light receiving portion 45 after
emitted from the light emitting element 3 and reflected on the
reflector. As a result, as shown in FIG. 10, there was a problem
that the output voltages at the respective light receiving por-

10

15

20

25

30

35

40

45

50

55

60

65

4

tions vary. There is the same problem when in FIG. 8, the light
receiving portion 45 is located at the side of the light emitting
element 3.

If the calculation of arctan is carried out using signals
having varied output voltages, it leads to a problem that the
pitch of the triangular waveforms shown in FIG. 7 is not the
same and the detection of the position of the moving target
cannot be carried out accurately.

Further, as shown in FIG. 10, detected positions indicating
peak values of outputs of the light receiving element differ
from each other, and curvatures of characteristic curves
largely vary. As a result, in an actual application, there is a
case where the following problem occurs.

In an application such as a camera lens module, the reflec-
tor 5 and the reflection type photosensor 1 are fixed to a
movable part or a fixed part of an actuator casing. In this
fixing, it is ideal if the reflector 5 and the reflection type
photosensor 1 are located opposite to each other and the
surfaces thereof are in parallel with each other. However,
there is a case where the reflector 5 is fitted inclined with
respect to the reflection type photosensor 1 due to poor accu-
racy in fabrication of the casing, fitting of the movable part,
fitting of the reflector or fitting of the reflection type photo-
sensor or from the viewpoint of application.

For example, FIG. 11 shows a configuration where the
reflector 5 is fitted inclined with respect to the reflection type
photosensor 1. When the reflector 5 fitted so as to be inclined
moves, there arises a problem that a difference between the
travelling distances of light reaching the light receiving por-
tions 4a and 4c¢ after emitted from the light emitting element
3 and reflected on the reflector 5 and the travelling distance of
light reaching the light receiving portion 46 after emitted
from the light emitting element 3 and reflected on the reflector
5 becomes larger, and a position detection accuracy is low-
ered.

SUMMARY

The presently disclosed embodiment was made in the light
of the above-mentioned problems, and an object of the pres-
ently disclosed embodiment is to provide a position detecting
device using a reflection type photosensor, which can detect a
position of a moving target accurately even in the case of a
position detecting device required to be configured to arrange
the light receiving portions overlapped each other.

In order to achieve the above-mentioned object, the posi-
tion detecting device using a reflection type photosensor
according to the first aspect of the presently disclosed
embodiment for detecting a position of a moving target is
characterized by comprising a reflector which is provided
with reflecting portions and non-reflecting portions arranged
alternately in a moving direction of the moving target and is
fitted to the moving target; a reflection type photosensor
which is located opposite to the reflector and has a light
emitting element and a light receiving element provided with
a plurality of light receiving portions receiving light emitted
from the light emitting element and reflected on the reflector,
in which the both elements are apposed in a direction orthogo-
nal to the moving direction; and an operation means for
calculating a value indicating the position of the moving
target using output signals from the light receiving portions,
wherein the light receiving element at least comprises the first
and second light receiving portions located at different posi-
tions in the moving direction of the moving target which
receive light from the reflector and output signals having
different phases, the second light receiving portion is divided
into the first and second light receiving regions provided at an
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opposite side of the light emitting element and at a side near
the light emitting element about the first light receiving por-
tion, and the operation means calculates one signal using the
output signals from the first and second light receiving
regions, and by using the calculation result and the output
signal from the first light receiving portion, calculates a value
indicating the position of the moving target.

The position detecting device using a reflection type pho-
tosensor according to the second aspect of the presently dis-
closed embodiment is characterized in that in the first aspect
of the presently disclosed embodiment, the operation means
is configured to calculate a phase angle O=arctan (A/B),
assuming that the output signal from the first light receiving
portion is A and the one signal calculated using the output
signals from the first and second light receiving regions is B,
thereby detecting the position of the moving target using this
phase angle 6.

The position detecting device using a reflection type pho-
tosensor according to the third aspect of the presently dis-
closed embodiment is characterized in that in the first or
second aspect of the presently disclosed embodiment, the
operation means calculates a neutral potential of the output
signals having different phases and outputted from the plu-
rality of light receiving portions using voltages of the output
signals and executes the calculations using the output signals
based on the neutral potential.

According to the position detecting device of the presently
disclosed embodiment, a long distance movement of 10 mm
or more can be detected only by providing a reflector having
reflecting portions and non-reflecting portions arranged alter-
nately on a moving target. In addition, since no magnetic field
generating member is necessary unlike conventional devices,
there is an advantage that the device is free of an influence of
interaction between the magnetic fields. Further, only chang-
ing the arrangement of the light receiving portions enables
longer-distance and higher-accuracy position detection to be
carried out as compared with the position detecting device
proposed by the applicant of the instant application prior to
the presently disclosed embodiment of the instant applica-
tion.

Further, according to the position detecting device of the
presently disclosed embodiment, even in the case where the
reflector and the reflection type photosensor are not arranged
in parallel with each other, there is an advantage that long-
distance and high-accuracy position detection can be carried
out and a range of applications to which the device is appli-
cable can be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a configuration of the position detecting
device using a reflection type photosensor according to the
presently disclosed embodiment.

FIG. 2 is a graph for explaining output characteristic of the
light receiving element used on the reflection type photosen-
sor according to the presently disclosed embodiment.

FIG. 3 shows another example of arrangement of the light
receiving portions of the light receiving element used on the
reflection type photosensor according to the presently dis-
closed embodiment.

FIG. 4A shows a configuration of a conventional position
detecting device.

FIG. 4B shows a configuration of a conventional position
detecting device.

FIG. 5 is a view illustrating a configuration of a conven-
tional position detecting device using a reflection type pho-
tosensor.
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FIG. 6 is a graph showing simulation data and a result of a
calculation of linear values regarding a conventional position
detecting device using a reflection type photosensor.

FIGS. 7A and 7B are a view and graph illustrating simu-
lation data on calculation of a phase angle and a result of a
calculation of linear values regarding a conventional position
detecting device using a reflection type photosensor.

FIG. 8 is a view illustrating the conventional position
detecting device using a reflection type photosensor proposed
by the applicant of the instant application prior to the pres-
ently disclosed embodiment of the instant application.

FIG. 9 is a cross-sectional view of the position detecting
device using a reflection type photosensor shown in FIG. 8.

FIG. 10 is a graph for explaining output characteristic of
the light receiving element of the position detecting device
shown in FIG. 9.

FIG. 11 is a view illustrating a position detecting device
using a reflection type photosensor in which a reflector is
fitted in an inclined form.

DETAILED DESCRIPTION

The position detection device using a reflection type pho-
tosensor of the presently disclosed embodiment is configured
such that in a reflector having reflecting portions and non-
reflecting portions arranged thereon in a moving direction of
a moving target, light emitted from a light emitting element 6
is reflected on the reflecting portions of the reflector and
enters into each of a plurality of light receiving portions, and
a moving distance of the moving target can be calculated by
carrying out a predetermined calculation in an operation
means 8. The embodiment of the presently disclosed embodi-
ment is then explained below in detail.

FIG. 1 shows the position detecting device using a reflec-
tion type photosensor according to the embodiment of the
presently disclosed embodiment. As shown in FIG. 1, in the
reflection type photosensor 1, the light emitting element
(LED) 3 is disposed on one concave portion 6a partitioned
with an outer peripheral wall and a light-shielding wall 2 and
the light receiving element (phototransistor) 4 is disposed on
another concave portion 65. On a light-emitting/light-receiv-
ing surface of this reflection type photosensor 1, the reflector
5 is arranged so as to move in a direction (a direction shown
by an arrow) being parallel to the light-emitting/light-receiv-
ing surface and being approximately vertical to an arranging
direction (longitudinal direction in the figure) of the light
emitting element 3 and the light receiving element 4. This
reflector 5 is fitted on a moving target such as a lens so as to
move together with it, and by detecting a moving distance of
the reflector 5, a moving distance of a moving target is
detected.

On the reflector 5, reflecting portions “sa” and non-reflect-
ing portions “sb” in the form of extra fine stripes are formed
alternately (in the form of vertical stripes), and in this embodi-
ment, the width of the reflecting portion “sa” and the width of
the non-reflecting portion are approximately 300 pm each.
The non-reflecting portions “sb” may be spaces in the form of
slit. This reflector 5 can be formed easily and highly accu-
rately by metal deposition or sputtering on a transparent glass
using usual photolithographic technique for semiconductor
and then removing metal films on the portions becoming the
non-reflecting portions. Moreover, in the case of using a resin
instead of a transparent glass as a substrate, it is possible to
form the non-reflecting portions by partial surface roughen-
ing.

In the presently disclosed embodiment, the light receiving
element 4 is provided with a plurality of light receiving por-
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tions at different positions in the direction of the moving
target. One light receiving portion is divided into two light
receiving regions at both sides of other light receiving por-
tions; one is located at a side near the light emitting element
3 and another one is located at an opposite side of the light
emitting element 3. These light receiving regions are arranged
being partly overlapped with the other light receiving por-
tions in the moving direction of the moving target.

In other words, the second light receiving region 452 is
located at a side near the light emitting element 3 about the
light receiving portion 4a and the first light receiving region
4b1 is located at an opposite side of the light emitting element
3 about the light receiving portion 4a. The first and the second
light receiving regions 451 and 452 are arranged being partly
overlapped with the light receiving portion 4q in the direction
of the moving target. By this configuration, the first and the
second light receiving regions 451 and 452 can be arranged
being partly overlapped with the light receiving portion 4c.

By adjusting sizes and arrangement of the light receiving
portion 4a, the light receiving portion 4¢ and the first and the
second light receiving regions 451 and 452 and widths of the
reflecting portions “sa” and the non-reflecting portions “sb”
of' the reflector 5, the three signals outputted from the photo-
sensor 1 are designed, for example, such that the phase shifts
forward 90 degrees (output B) to the reference signal (zero
degree: output A) and 180 degrees (output C). In the presently
disclosed embodiment, since the light receiving portions are
arranged being overlapped as mentioned above, signals hav-
ing a phase difference of 90 degrees and being excellent in
linearity can be easily formed.

Relative outputs of the thus arranged light receiving por-
tions are shown in FIG. 2. The outputs of the first and the
second light receiving regions 4b1 and 452 are added and
shown as “4b1+452”. As shown in FIG. 2, the relative outputs
obtained from each of the outputs are nearly the same, and as
compared with the example of output characteristic of a con-
ventional device shown in FIG. 10, it can be seen that an effect
of the presently disclosed embodiment such that the relative
outputs are nearly the same is large.

Among the output signals giving nearly the same relative
outputs, the output from the light receiving portion 4a, the
outputs from the first and the second light receiving regions
451 and 452 and the output from the light receiving portion 4¢
are outputted to buffer amplifiers 7a, 7b and 7c¢, respectively,
and a moving distance is calculated in the operation means 8.

Specifically, an overlapping length and a distance between
the light receiving portions are previously adjusted so that, for
example, one cycle of the output signal waveform of the
reflection type photosensor 1 can be obtained by the move-
ment of 0.6 mm of the reflector 5 comprising the reflecting
portion “sa” having a width of 0.3 mm and the non-reflecting
portion “sb” having a width of 0.3 mm. Assuming the output
of' the light receiving portion 4a to be “A” and the sum of the
outputs of the first and the second light receiving regions 451
and 452 to be “B”, by calculating the phase angle 6 of the
signals by O=arctan(A/B) with the operation means 8, the
operation result shown in FIG. 7B can be obtained and the
position detection can be carried out.

In the presently disclosed embodiment, as shown in FI1G. 2,
the relative outputs outputted from each of'the light receiving
portions nearly coincide with each other, and therefore, tri-
angular waveforms having an equal pitch are outputted and an
accurate position detection can be carried out.

The position detecting device of the presently disclosed
embodiment also can carry out calculation shown in FIG. 6
using the operation means 8. Specifically, assuming the out-
put of the light receiving portion 4a to be “A” and the sum of
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the outputs of the first and the second light receiving regions
451 and 452 to be “B”, by carrying out calculations of (A-B)/
(A+B) and (A+B)/(A-B) using the operation means 8, out-
puts of triangular waveforms repeating linear ascending lines
and linear descending lines as the reflector 5 moves can be
obtained. Further, repeated triangular waveforms having high
linearity as shown in FIG. 6 can be obtained by calculating a
neutral potential D by an equation D=(A+C)/2 based on the
outputs from the light receiving portion 4a and the outputs
from the light receiving portion 4¢ and setting a neutral poten-
tial of the outputs A and B to be always O V.

Also in this case, the relative outputs outputted from the
respective light receiving portions nearly coincide with each
other, and therefore, triangular waveforms are outputted at an
equal pitch and accurate position detection can be carried out.

The arrangement of the light receiving portions of the
presently disclosed embodiment is not limited to one shown
in FIG. 1, and it is possible to employ a complicated structure
in the hooked form as shown in FIG. 3.

While the configuration of providing the reflection type
photosensor 1 in parallel with the reflector 5 is explained
above, the presently disclosed embodiment enables the posi-
tion detection to be carried out accurately even if the reflector
5 is arranged in a state of being inclined to the reflection type
photosensor 1 since the outputs from the light receiving por-
tions provided at positions of which distances from the light
emitting element 3 are different from each other are operated
as one output signal.

EXPLANATION OF SYMBOLS

1—Reflection type photosensor
2—Light shielding wall
3—Light emitting element
4—1Light receiving element
5—Reflector

6a, 6b—Concave portion
7—Buffer amplifier
8—Operation means

What is claimed is:

1. A position detecting device using a reflection type pho-
tosensor for detecting a position of a moving target, compris-
ing:

a reflector fitted to the moving target and provided with
reflecting portions and non-reflecting portions arranged
alternately in a moving direction of the moving target,

a reflection type photosensor located opposite to the reflec-
tor and having a light emitting element and a light
receiving element provided with a plurality of light
receiving portions receiving light emitted from the light
emitting element and reflected on the reflector, in which
the both elements are apposed in a direction orthogonal
to the moving direction, and

an operation means for calculating a value indicating the
position of the moving target using output signals from
said light receiving portions,

wherein the light receiving element at least comprises the
first and second light receiving portions located at dif-
ferent positions in the moving direction of the moving
target which receive light from the reflector and output
signals having different phases,

the second light receiving portion is divided into first and
second light receiving regions provided at an opposite
side of the light emitting element and at a side near the
light emitting element about the first light receiving
portion, and
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the operation means calculates one signal using the output
signals from the first and second light receiving regions,
and by using the calculation result and the output signal
from the first light receiving portion, calculates a value
indicating the position of the moving target. 5

2. The position detecting device using a reflection type
photosensor of claim 1, wherein the operation means is con-
figured to calculate a phase angle 8=arctan (A/B), assuming
that the output signal from the first light receiving portionis A
and the one signal calculated using the output signals from the 10
first and second light receiving regions is B, and to detect the
position of the moving target by this phase angle 6.

3. The position detecting device using a reflection type
photosensor of claim 2, wherein the operation means calcu-
lates a neutral potential of the output signals having different 15
phases and outputted from the plurality of light receiving
portions using voltages of the output signals and executes the
calculations using the output signals based on the neutral
potential.

4. The position detecting device using a reflection type 20
photosensor of claim 1, wherein the operation means calcu-
lates a neutral potential of the output signals having different
phases and outputted from the plurality of light receiving
portions using voltages of the output signals and executes the
calculations using the output signals based on the neutral 25
potential.



